AFHRL-TR-79-76

&0000’70275(3? o

AiR FORCE

ADAO85609

i

DG FILE COPL

U
M
A
N
| R
E
S
0
U
R
C
E

H
E

_

COMPUTER-ASSISTED. PROGRAMMED TEXT,
AND LECTURE MODES OF INSTRUCTION
IN THREE MEBICAL TRAINING COURSES:

COMPARATIVE EVALUATION

By

Gerard M. Deignan
Brent R. Seager
Michael Kimball
Neil S. Horowie

TECHNICAL TRAINING DIVISION
Lowry Air Force Base, Colomdo 80230

G >
R
June 1980 ~ g 0
Final Re pon

\pproved for public release: distrsbution unlimited

Reproduced From
Best Available Copy

AIR FORCE SYSTEMS COMMAND
BROOKS AIR FORCE BASE,TEXAS 78235 |




NGTICE

When U.S. Government drawings, specifications, or other data are used for any purpose
other than a definitely related Government procurement operation, the Government
taereby incurs no responsinility nor any abligation whatseever, and the fact that the
Government may have formulated, furnished, or in'any way supplied the said drawings,
specifications, or other data is not to be regarded by implication or otherwise, as in any
mananer licensing *he holder cr any other person or corporation, or conveying any rights
or permission to manufacture, use, or sell any patented invention that may in any way be
related thereto. '

This final report was submitted by the Technical Training Division, Air Force Human
Resources Laboratory, Lowry Air Force Base, Colorade 80230, uadér Project 1121, with
HQ Air Force Human Resources Laboratory (AFSC), Brooks Air Force Base. Texas
.78235. Dr. Gerard Deignan (TTT) was the Principal Investigator for the Laboratory.

This report has been reviewed by the Office of Public Affairs (PA) and is relcesable to the
"National Technical Information Service (NTIS). At NTIS, it will be available to the
general public, including foreign nations.

This technical report has been reviewed and is approved for publication.
MARTY R. ROCKWAY, Technical Director

Technical Training Division

RONALD W, TERRY, Colonel, USAF

Commander




.

A

Het

s
1

U nclassified

SECURITY CLASSIFICATION OF TWiS PAGE (When Deta Entered)

REPORT DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM

1 REPORT NUM

.

2. GOVYT A CESSION NO.|] 3. RECISIENT'S CATALOG NUMBER

S

HRL-TR-T‘).T(L_ | < UID-Jess wod

LRAN S W7 - v
B

(0

e ———

COMPUTER - ”iSlSTEl). PROGRAMMED TEXT, AND
~CTURE MODES OF INSTRUCTION IN ;H EE YEDICAL
ING COURSES: ‘()MPARATIVE

y e

1l"ina| v ~7r~_'f_',; o

PP OF REPORT & PERIOD COVERED

—

8. CONTRACY OR GRANT NUMBER(s)

6. PERFORMING ORGPRERPORT NUMBER

——y

)

\,ﬂ Gerard M deignun \L Neil S.}iorowiu \
b Brent R.Seager
! A lchiel/k imball —t '
' TTPERFORMING ORGANIZATION NAME AMD ADORESS fo. fﬁgi?zot'h!:srt PU'LC:;JEESST. TASK
Technical Training Division J/ 62205F
Air Force Human Resources Lakoratory . 7 ?)"T—_ngpz.l
Lowry Air Forre Base, Colorads 80230 LNl i

11. CONTROLLING OFFICE NAME AxO ADDRESS
HQ Air Force Humar Resources Laberatory (AFSC)
Brooks Air Force Base. Tocas 78235

34 &

T8 WMONITORING AGSENCY NAMT & ~CDRESS(I! ditlsren® from Cantroliing Otlice)

1S. SECUMITY ( LASS. (ol (h1e teport)

U nclassified,
\

2_REFORY Ja3K .
4 j ;Junﬂw 7 ]
2 P NUMSER O T PAGEY T ] . ~

LCHEDUL

[ 18s. DECL Assslf|CAT|ou756'\vucaAa|NG

16. DISTRIBUTION STLATERENT (of thie itepert;

Approven for nublic reie~se; distsibution unlimited.

17. DISTUIT L VICN STAVEMENT 10f the arprract entered In Blozk 20, l} +Gilenang from Fepue’)

'

. rvog‘-'.‘-rnm'ed ink ruction
elove

achievemeni motivatuin

T8, SUFALENCNTARY NG T35 -
T8 KEY WORGS (v antin- v bR 1050788 sias 1 i crssary and Idwattly Sy Merk number) e '
Compurer Asminted instraction (CA1) - aptitude X tine training
‘individurl differcnces instraction

. Aatitnde X Teen,ment latccaction (AT differentinl predictics
vic\i.'r«.»r sirategie validity .

AP TT IV VI St reveres olde il Keeatiare ond [dentily Sy Slech danoe; .
Thavrczent sauds o1 75 ivedical (rainves in three iffe. *ut career fielde was conducted to reduce the data
s:t-in medical tracing Gio iite SOllowing mujor questions: (4) D com prrerwcsivted ipstruction. programmed
texi. snd kicture diilsy 0 inzteuctional olfer tiveness? (b} D3~ rearners vko differ in charscteristios {e.g..
up',"':u'iv “nd motivatina} snisve move A leas time under com puter-assinied inscruction programmed test. or
eetuve? o8- putcrsaisted it straction wes deceonstrated io be more effective in less tite thar arogeammed
o6 ar et ire; hanever, sptitide, (ourse, and iearner cnrracterintics interaciod with schieventent and time
20t 14, Learnet raarscteristics profiies of hich-fant and low-siow aciisvers in each condition were provided

10 fucilita e deciwone sboot shesnutrec instractional awignmen:s. Q, ‘ '

' A T}

- YR

1

’ )
¥ nrhuiﬁv}

SECURI ™Y CLANR FICATION OF TRIE PAGY (When Dara Enteres)

' ’

.

g™ L BT I R S S, s . 47 et g e S A ALY W




e

e e, St

SECURITY CLASSIFICATION OF THIS PAGE(When Dats Entered)

s

"' SECURITY CLASSIFICATION OF THIS PASK(Fen Date Sntered)




e L adiam SRS

PREFACE
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progress. Similarly. Dr. Harold 0 Neil's DARPA support iunds for the same period reflect favorabh

upin his agenev’s research investment acumen. : '
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Major Roseman. Major LaCoe. Captain Evl. and Captain Gage. effectively worked with health care
subject matter experts and the authors in developing instructionally effective CAL The authors’
gratitude is also expressed to Captain Horowitz. and SSgt Fincher ‘who with llw authors jointh
conducted. on-ite summative evaluation functions.

Acknowledgment of the professional and techuical supnort provided by Lt Col Gullatt. DDS.and
his Dental course staff for being the first o innovate with CAL Lt Col MeKessick. and 11 Col
LaHood supported by their Medical Lab staff. and CMSgt Denny.and his capable Radiology staff also
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Lindsley was peerless in leadership and management support of this prnjm-! Thv manuseript
benefited from the reviews of several individuals, and some of Lt Col Waters’ suggestions made
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pl’of!'sslull.ll graphic dnd phulographu- support. A1C Duncan also competently conducted numerous
statistical programs.

Finally. it is 10 the \ir Force students to whom we owe a great debt for improving our knowledge
ofindividual differences in lesrning. motivation. and performance on dis erse tashs within computer-
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COMPUTER-ASSISTED, PROGRAMMED TEXT, AND LECTURE MODES OF
INSTRUCTION IN THREE MEDICAL TRAINING COURSES:
COMPARATIVE EVALUATION

L INTRODUCTION

Comparative analyses of the differential effectiveness of computer-assisted instruction (CAI),
. programmed instructional text (PIT). and lecture methods of instruetion in field settings have been
sparse and sometimes eq ivocal (Dallman & DeLeo, 1977; Dare, 1975; Keesler AFB, 1974).
Presently, it is not known whether one instructional method is. more effective than another for
certain kinds of students confronted by different tasks nor the degree of effectiveness. Rather, it is
assumed that (a) learners possess and employ to a similar degree the same characteristics for
processing information and (b) instructional methods/media are equally effective for different kinds
of 1asks and students despite the vast literature on individual differences and task difficulty.

This repo'rt attempts to provide information in the medical training‘ area on the following
questions: (a) Do CAI, PIT, and lecture differ in instructional effectiveness? and (b) Under whal
conditions are CAl, PIT, and lecture differentially effective?

Objectives

The major objectives of this field study were to compare CAl with lecture and PIT modes of
instruction on dimensions of (a) instructional effectiveness, (b) time-savings, and (c) student
acceptance. Additionally, pre-course assessment mcasures were used to attempt to identify the
characteristics (e.g.. aptitude, biographical data. and attitudes) of learners for whom CAIL. PIT and
.lecture medes of instruction might be differentially effective in segments of three different tralmng
courses for medical technicians. : :

o METHOD
Students

Three medical training courses (Medical Laboratory. Radiology. and Dental Assistant) were
selected to provide a range of learner characteristics and course content suitable for generalizing
resulis to students in medical courses of comparable difticulty. The Medical Laboratory course
represented a difficult course requiring a relatively high aptitude level. Radiology and Dental
courses, respectively, corresponded to average and low difficulty courses. with corresponding
aptitude levels. The student sample during formative and summative evaluation consisted .of 700
male and female trainees assigned to the Air Force School of Health Care Sciences st Sheppard AFB.
The CAI delivery system used was the PLATQ-IV interactive Plasma Panel terminal connected to a
main frame at the Center for Education Research Laboratory (CERL). University of lllinois.
Champaign-Urbana via telephone line. The programming language used in PLATO was TUTOR. a
language providing realtime author editing as well as CAl delivery. Instructional materials from each
of the courses were developed in CAl formats by on-site experts trained in TUTOR.

Pre-Course Meas ures

Based upon training task analyses in each course. selected pre<course learner characteristics
measurcs were developed and administered via automated slide-tape to all students prior to course,




entry. These measures include (a) the medical version of the Delta Reading Vocabulary (r, =88)
(Deignan. 1973), (b) the General Aptitude Index from the Armed Services Vocational Aptitude
Battery (ASVAB) (r, =.87), and (c) the memory (r = .66). visualization (r  =.77). and
biographical measures from the Delta Training Aptitude Battery (Deignan. 1976). In addition 10
validity studies of the Delta currently in progress in both military and civilian environments.
previous studies. (Collins. Dansereau. Holley, MeDonald. & Garland. 1978: Dansereau. et. al.. 1973.
1975, 1978: Deignan & Duncan. 1977 Diekhoff. 1977: McCoombs. Deignan. & Siering. 1975:

Moore. 1975: and Long. 1976) have reported predictive validities ranging from r =45 to r =75 in

studies employing university or military students from a variety of courses. Measures were
administer=d prior to course entry to aid CAl authors in the development and formative evaluation
of instruc:ional material appropriate to the target population in each course. These control measures
were subsequently used to assist summative evaluation in terms of explaining. interpreting. and

generalizing eomparative performance results,

Materials Development Procedare

Prior to CAl lesson development, prediction of course criterion achievement from pre-course
learner characteristics was accomplished by means of multiple regression analyses. By
trichotomizing the distribution of the highest aptitude predictor of achievement (Delta Reading
Vocabulary). low. middle. and high aptitude groups were formed for each course. Criterion-related
learner characteristics were used to assist CAl authors in the initial development of instructienal
materials and strategies appropriate to the target population in each course. Hence. CAl materials
development and validation were based upen a student protile of characteristics known to be related
to course achievement. This approach. therefore. prepared authors for the range of learner skills.

_aptitudes. and attitudes for which instruction was intended. Likewise. precourse learner
characteristics information suggested how authors might best design CAl lessons and branches to
cope with such factors as: (a) deficient reading skills. (b) concentration-retention capabilities. (¢)
learner strategies for processing information. and (d) initial motivational level. Similarly. to assist
formative evaluation. all CAl students in the three courses were administered an on-line attitude
survey which contained Likert-type items with response alternatives ranging from hlghl\
unfavorable (9) to hlghl\ favorable (a). '

Fommative Evaluation . .

Formative evaluation consisted of ar experimental period of initial instructional materials
developmeat characterized by lesson and . test development. materials tryout. and subsequent
instructional revision. Small numbers of students were administered newly developed lessons to
provide CAl authors with'student attitudes toward CAlL. Following small group lesson revision. large
group pilot studies were conducted on representative samples of students from each course: (a) to

ensure lessons satisfactorily supported attainment of instructional obje(-m'es. (b) 10 provlde.

preliminary statistical data on representative student performance. e.g.. achievement scores. time to.
completion. and embedded lesson test item statistics keyed to specific instructional lesson segments.

" and {¢) to further individualize instruction by such means as compensatory branches. additional driil
and practice or examples. and graphic simulations.

Summative Evaluation

In contrast to formative evaluation. summative evaluation initiated a period in which all
‘instructional materials. procedures. and evaluation’ measures remained constant. Comparison
between CAL and non-CAl delivery (lecture or PIT) was made on identical instructional objectives
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and criterion measures (Table 1). Criterion measures included post-instructional measures of
achievement. elapsed time to complete instruction. and attitudes toward CAl, PIT. and lecture. One
hundred students were programmed for assignment to éach CAl and non<CAl control condition in
each course during summative evaluation. In some analyses. the sample size was less than 100
subjects per condition because some students lacked complete data on pre<ourse assessment and/or
criterion data. R . '

Table 1. Sample Cell Size by Course, Treatnent and Apiitude Levels

Treatmicm : Aptitude — T atme nd®

Course N - Low Middie High
Medical Lab , . : . _
CAI ' 93 T 34 36 26
Lecture 98. - - © 30 36 32
Radiology : '
CAl 97 ) o 34 33 20
PIT ~ 89 24 30 15
Dental . . . N
car 101 o 30 28 21
Lecture 52 7 ‘ 7 -9

AThe sum of the cells in each row does not equal the total treatment N due to the exclusion of students who were nat
administered the pre-course assessment measures, '

Major statistical analyses included: (a) multiple regression analyses conducted to predict learner
performance, (b) 2 x 3 analyses of variance conducted to investigate treaument (CAI. lecture. and
PIT) and aptitude effects. 1o include possible interactions between treatments and aptitude levels.
and (¢) discriminant analyses of high-fast and low-slow achievers in each treatmert to determine the

_ characteristics of learners for whom CAl. PIT, and lecture were effective.

M. RESULTS

To compare withincourse CAl and non-CAl 1nstructional effects at low. middle. and high reading
vocahulary aptitude levels, 2 x 3 analyses of variance were performed in each course separately. To
compare time-to-completion différences between constant time lecture treatments and variable time

CAI treatments, the standard error of the difference scores at each aptitude level was determined to
be the appropriate statistical analysis (Pennell, 1978). Appendix A includes the achievement cell '

mean (X) and the standard deviation (Sd) by aptitude, treatment, and course. Appendix B includes
the time-to-completion cell X and Sd by aptitude, treatment, and course. Appendix C includes the
overall main effect X and Sd independent of aptitude.

‘Medical Laboratory

In the Medical Laboratory course, the 2 x '3‘analys'is of variance of achievement scores, as shown in
Table 2, revealed significant main effects for both treatments, F(1,177) = 54.51, p =.001. and
aptitude; F(2,177) =5.41, p =01. Graphic illustration of the data is shown in Figure 1.

el T A e v e _?::—:".Q;\*a:::_';ﬂ -
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Table 2. Analvsis of Variance of Achicvement Seores for Leeture -C Al
TFreaments and Aptitude Level Conditions in the Medical Lubortory Coume
- Sum of ) Mean
Souree af Sjuires O Squan ¥

Main Effcets . '
. CALve Lecture (V) I 230,300 230,300 SLoLeH : :
\ptitude (B) 2 10,922 23,16} 541 :
. . A i
A\ + B lnteraction o2 o 2.725 S 2800 600 i
Within 177 ’ C Y0735 . 1335 ) :
Total : 182 CLsTITe _ 1
nE0l ’ :
*p Z.001 ' R

8

CAl

AL
x\
\

PERFORMANCE
©

~(. LECTURE

<
®
"\ |

-~
(4]
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~
N
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69 ¢ '
T T . T
Low ' MID o HIGH

DELTA READING VOCABULAR'Y APTITUDE T ‘

Fi'gure 1. Medical Laboratory achievement as a function 6kapﬁmde ;
level and CAl vs. lecture conditions. S
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Inspection of Figure I reveals the average achievement of CAl students was 18 percentage points
higher. t(1.53) =5.21. » = ,001. than lecture controls at the ‘ow aptitude level. Similar CAI
achievement superiority in comparison to Medical Laboratory lecture controls was also reflected at
the middle aptitude (88% vs 75% ). t(1.71) =4.14. p =.001. and high aptitude levels (92% vs 79% ).
(1.37) =3.49,p =001,

Time-tocompletion difference scores (Table 3) between Medical Laboratory lecture and each
CAl aptitude level revealed significant differcnces in favor of CAI at the mid (1(1.70) =2.31.p = 02)
and high aptitude CAl levels. 1(1.50) =7.84. p =.001. The time difference at the low aptitude level
was not significant. However. as noted above. the achievement of the low aptitude CAl students was
significantly better than their lecture controls. In fact. as shown in Figure i.the average achievement
of the low aptitude CAI students is higher than that of both the mid and high aptitude lecture
students. Thus. it is probable that if all groups had been trained to the same criterion level. there
would have been a significant time savings in favor of CAI at all levels.

The CAl-lecture treaiment 'by aptitude time difference scores shown in Figure 2 indicated CAl
time savings exceeded 11% at the mid and 33% at the high aptitude levels within the Medical
Laboratory couise.

Table 3. The Grand Mean of Difference Scores and the Standard Error
of the Difference Scores to Test the Difference between Lecture
Time to Complete (@ constant of 540) and CAl Time o Complete
Instruction at Three Aptitude Levels in the Medical Lab Course -

X = 76.000 . . Low Aptitude Timc Difference .- -32.0476
Sd =226.091 » Middle Aptitude Time Differcnce = 56.6410
Se = 24.523 : High .iptitude Time Difference = 192.3077
n = 86 CAl

‘l (Low ap‘l) =].31
t'(Mid apt) =2.31*

t =76/24.523 “t| (High apt) =7.84***
t =3.10%* ' ‘ '
=05

**p 0.

seep = 001,
Raldiology
‘ The 2 x 3 analysis of variance of achievemdnt scores within the Radiology cours: is shown in’
Table 4. In addition to 2 statistically significa it aptitude main effect. F(2.149) =6.20. p = .01, a
significant CAI-PIT (reatment x apiitude interadtion. F(2.149) =9.22. p =.001. was found. However.

Inspection of the inieraciion shown in Figure 2 revealed low aptitude CAl students scored 7

percentage points higher, t(1.57) =2.50. p £.9] Jin achievement-than did low aptitude PIT studenis.
No statistically significant treatment differenceg were found at the middle aptitude level: howaver.
high aptitude CAI achievement was 9 percenta#ﬂ points greater. I‘Sl.Zh) =2.70. p = .01 than high
aptitude PIT controls. . ‘ .

the CAl vs. PIT main effect comparison was no‘lllsigniﬁram (p <07).

'
. . . 9
N * . . N . N .
JrASN .
. a&', :;;&7. e R G 5 AT TS Al 5 TN, it e Y s o S e b AL
A S —— = Sy e wem——— e ) 3o s G e e ——— . . | S e ey e .. n - v e e . m R — S .

v e e A e el e b e e d _— . A : . - - T T T T e e

o - . . * B " feee. PRSTEY R L P S PN

. - o . e E X . E




. —
T i et [l i .

. TS ST ST B
B i e B - - J—

| i R '
200 '
180 4
16C 4 . '
140 4 ‘
120
100
& 80 '
g e
5 ..
a2 -~
a 4 RN
g -20 C -
r 4 R
lix -60 . e,
o - ~
. 2 80 .
é -~100 ~
O ~120 S
__14q N - . [
~1601 Y
' ~ 1804 S
‘.\”
. : Y : T - T
‘ ‘ Low MID HIGH
DELTA READING YOCARULARY
Figure 2. Mvdkal‘hbunhry CAlime w0 cumplr&m differences
from the X as a functon of reading vocabulary level.
Tabie £ Anabsis of Variance of Achievement Seores for PIT-C Al
Treatie v and Aptitude Level Condidgous in the Radiology Coume
- . ' , T Sum of ‘ Vean )
Soune . of , Squares : Sqhanr ) ¥ "
Main Efiecw » . : R
CAbavs PEF (V) o C 2,500 SR St || 31
\putude (B) o2 : T BOH8 6.20"
Ve B Interactions SRR 238,007 a5 9.23ee
Within , 119 122588 12903
Total 1ot 2470187
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Figure 3. Radiology achievement as a fune ton of aptitude level
and CAl vs. PIT conditions, '

‘
'

In Tablé 5. 2 x 3 analyvsis of variance of timedovomplete instructian in the Radiology course
revealed a significant main effect for aptitude. F{2.143) =913, p Z 001, and a significant CALPIT

treatment x aptitude interaction. F(2.14 9 =669 p & 0L, The main effect for treatment
approached. but did not reach. significance (p Z419).

Tabls 5. Anabsir of Varsnce of Time 0 Complete Instructon for PIT-C Al
Treatments and Apttude Level Conditons in the Padiology Course

Sum of , Mean

Soume df Squares Square v - F
Main Effern .
CAl vs. PIT (V) 1 16,8357 48 : 16.435.74¢ 284
Aptitude {B) R 2 A05504.284 22552142 0.13%° *
A 4 B lnieractions S22 77307475 ' 38.633.738. " 60.69°
Wilhin» ' 149 R60.784.957 3.377.080
Total 154 1.071.381.510

penl. — , , . \ o .
Lo%p i, : . .

Low aptitude C AL students demonstrated a 17% saviags in time ta camplete instruction. t(1.53) =
2.33. p .02, when compared to their low aptitude PIT counterpa: .. #s depicted in Figure §. The
tendrncy of high aptitude CAl atudents to progrese faster than high aptitude PIT students was not
statistically significant. 1(1.56) = 1.65. p ® .12, This result may in part be due 1o the grester

n o R




PRI Ay g e T S T - —— TR Y RN Gy oo

TIME
)
&

200 J

CAl

180 4

T Ll 1

LOW v MID ' HIGH
DELTA VOCABULARY APTITUDE '

Figure 4. Radiology ime w completion as a functon
of aptitude level and CAl vs. PIT conditions.

completion time variance of the PIT students (Sd =86.89) in comparison to CAl student (Sd =
$6.54) variance. (However. here again. the CAl time savings probably would have been significant
had the level of achievement been controlled.)

Dental Counc

.+ Dental course 2 x 3 analysis of variance of achievemer.t.is reparted in Table 6. Only the main
effect for aptitude level was statistically significant. F(2.96) =7.38. p Z.001.

G raphic feprmnnlion of the Dental CAl-lecture treatm=nt by aptitude level effects shown in
Figure 5 revealed that low aptitude CAl students tended to score 7 percentage points higher than low
“aptitude lecture controls. Due to the joint effects of moderate achieyement crilerion reliability (r__'=

.58) and lack of low aptitude—riterion scare matches, the small sample (N =7) at the low aptitude
lecture tevel in contrast to the low aptitude CAl -nmple size (V =30) may havt precluded statistical
ngmﬁnnco t(1.35) =1.27.p =21,
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Table 6. Analvsis of Vararice of Achievement Scores for
CAkLectre Treatments and Aptinde Level Conditions
' in the Dental Course

Sum of Mean
Source df Squares Square ¥
Main Effects
CAl vs. Lecture (A) 1 66.09 66.69 42
‘ Aptitude (R) 2 2.336.19 1.168.25 . 7.38*
A + B lateraction 2 271.23 135.61 ' 86
Within ! UTH) 15.178.54 158.1
Total 101 17.796.08 15620
*p =0y
87
84 |
w 8% ]
: .
<
. s
T .
2
LTS . -
. w .
7 cAl
o9
_ o8
§ ' L  Low Mo MIGH

DELTA READING VOCABULARY APTITUDE

.I"igurf‘ 5. Denwl achievement n. a function ~< aptitude
level and CAl vs. lecwure conditions.
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Analvsisof tim: {(Table 7) to complete instruction within the Dental course resulted in statistically
significant differences in time at each aptitude level. Examinatior of time to completion (Figure 6)
revealed high aptitude CAl students completed instruction in 29% less time. t{1.30) =13.52.p €
001). middle aptitude students in 15% lessiime. 1(1.34) =7.38. p Z.001. and low aptitude students
in 9% less time. t{1.36) =3.81.p <€.001 than lecture controls.

Table 7. The Grand Mean of Difference Scores and the Standard Emror
of the Difference Scores 10 Test the Difference between Lecture
Time ©w Complete Insuuction @ constant of 5-40) and CAl Time

10 Complete lstruction at All Aptitude Levels in the
Dental Course .

X = 86.6962 Low Aptitude Time Difference = 143.1667
Sd =100.6172 Middle Aptitude Time Difference = 83.5714
Se = 11.3203 . High Aptitude Time Difference = 133.0476
n = 79 CAl : '

t (Low apt) = 3.81*
' t(Mid apt) = T.38*
t =86.6962/11.3203 "~ t (High apt) =13.52¢%
t = 7.00* C

pE.

GRAND X TIME DIFFERENCE

-100 - T

-120 . . : ...

— 140 ' Sreo-
160 '

-

Figure 6. Denul CAb dme w ﬂ»mpb‘&m differences frem the X
as a functon of reading vocabulary level,

. . LS x3
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DELTA READING. VOCABULARY
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Additonal Leamer Chamewnsties Vanables
In addition to reading vocabulary aptitude. precourse measures of motivation. ~sellvoncept.

cognitive styles. fearner strategy preferense for processing information and related biographical data
were c-\pm'lvd to be related to achievement and timedovomplete instruction. Aevordingly. mulliple-’
stepwise regression analyses between achievement and pre-course, learner characteristios i cach
course were conducted .nul eross-yalidgte d .

I Within the Medical Laborators course. the chief vasiables predictive of achievement ineluded

reading vocabulary. motivation (level of aspiration to ac hievel. self<oane ept. and learner strategies
for processing information. (R = Ol p Z .001). Cros-validation of the wultiple corcelation on an
t independent. hold-out sample revealed little shirinkage (R =53, p €001

Figure 7 depiets CALand lecture achievement score differenees as a function of treatment and

. learner strategy preferences for processing information by rote, imagers. or verbal paraphrasing.
\ nalysis of varianee of achievement séore differences resulted in statistically significant main effects

for treatment. FOLIT6) =19.02. p Z .00 and strategy preferences. F(2ET6) =302, p Z .05, The

greatest differenee in achievement between €Al and lecture controls was obtained by learners who

se. the achievement of the C AL group execeded that of its corfesponding

preferred imagery. In this ez
A\~ nated in Figure 70CAL rote learners’ exeerded the

lecture group by 19 percontage points,
achievement of lecture controls by 17 percentage points. whereas CALlearners who preferred verbal
paraphrasing excelled lectare counterparts by 12 pereentage points.

% { Phe » TTe o

- PERFORMANCE

* Lecture
//

74 .

ROTE

woe

IMAGE PARA

DELTA LEARN"\G STRATEGY PREFERENCE

chure 7. Medical Laboratory achiezment as a functon of leamer stmiegy
preference for processing information and CAI vs. . .
lecture conditions. '
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Variables predictive of time to completion in the Medical Laboratory course included reading
vocabulary. self-reliance. field independcnce. selfconcept. memory. and learner strategy preferences
(R =.65.p €.001). Validation of the multiple correlation on an independent sample preduced slight
shrinkage in the cross-validation group (R =.61. p Z.001). One of s~veral learner characteristics

found significantly related to time savings included self<oncept measures from the Deha .

Biographical Inventory. Time-tocompletion differences between CAI and lecture as a function of
_low. middle. and high self-concept are shown in Figure 8.

GRAND X TIME DIFFERENCE
i
3
»

s

—
LOW mID HIGH
DELTA SELF CONCEPT

Figure 8. CAl time w0 completion: differences from the i
as 3 function of self-conc::pt level in tie
Medical Labomtory course.

Time to cofnplelion as a function of treatment and se%fconcepi is sho\s:n in Figure 8. High self-
concept CAI students completed instruction in 32% less time. 1(1,20) =,.04. p £.000). as a function
of CAl than did Medical Laboratory lecture controls.

Within the Radiology course, learner characteristics predictive of achievement included reading
vocabulary, memory, lsvel of achievement aspiration, independence, learner strategy preferences.
and attitudes toward reading (R =.65, p 2.001). Cross-validation of the multiple correlation on the
hold-out group indicated some shrinkage, (R =.49, p #.001), in predicting an achievement criterion

of mcderate reliability y =.56). Figure 9 depicts trec..nent achievement score differences as a °

functior of three levels ol achievement aspiration.
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Figure 9. Rldnology achievement as a function of level of aspiration
and CAl vs. PIT conditions.

Statistically significant main effects were obtained for the CAI-FIT treatment., F(1.,134) =4.95. p=E
.05, and achievement motivation factors, F(2,134) =3.95, p €.05. Low achievement aspiration CAl
students exceeded the achievement of low aspnnhon PIT students by 6. pemcntage points, 1(1,36) =
1.79.p <05, as shown in Figure 9.

Learner characteristics predictive of Radiology time to completion included reading vocabulary.
memory, self-estimates of memory, self-reliance, self-concept, and learner strategy preference (R =
60, p = .001). Shrinkage of the multiple correlation was acceptable. (R =.54.p .001). One of
. several learner characieristics found related to completion time was learner self-estimates of memory
when confronted with lengthy or complex material, as shown in Figure 10.

Analysns of variance of time as a function of treatment and learner selfestimates of memory
resulted in statistically significant main effects for treatment. F(1.137) =6.30. p .01, and memory.
F(2,137) =1.10, p €.001. Average memory CAl studenls completed instruction in 20% less time
than PIT counterparts as shown in Flgure 10.

Dental course learner (_:hanctensticp predictive of achievement included reading vocatulary.
- memory, achievement aspiration, self-concept, learner strategy preferences. and ordinal birth rank
in one’s family (R =.67, p €001). Shrinkage of the multiple correlation was acceptable (R =.60.p < -
.001). Similarly, variables predictive of time to completion included reading vocabulary.
achievement aspiratien. self-concept. and learner strategy preferances (R =.68. p = .001). Cross-
validation yielded slight shrinkage (R =.62, p 2.001). Accordingly. Figure 11 graphically displays
_time-tocompletion differences as a function of treatment and three levels of achievement aspiration:
low, middle, and high levels of aspiration prior to assignment to €Al or lecture conditions.
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Dental course time to completion revealed statistically significant effects for CAl-lecture
treatments and motivation. As shown in Figure ll, high aspiration CAl students comple!ed
instruction in 23% Iess time, t(1.38) =9.13. p £.005, than did lecture contrels.

To summarize briefly. in addition to reading vocabulary aptitude, learner characteristics (e.g.. seif-
concept, motivation, independence, and learner strategy preferences) were demonstrated to be
significantly related to achievement and time savings in the three courses. Foremost among these
learner characteristics from the standpoint of consistent. relationships to dlfferenual performance
was the motivational variable of achievement aspiration.

Comparative Faﬂum Rates

Average failure rate in the three courses during the year prior to CAl intervention was moderately
(22% ) high. Indeed, one of the factors considered in course selection included course difficulty
indices as reflected by average achievement attrition and failure rate. Failure rate in the present

- context was defined as the number of first attempt failures on the achievement test.

Comparative failure rates between CAI (2% ) and PIT (14.9% ) within the Radiology course were

" statistically significant, )Fl =17.77, p .01. Failure rates between CAl and lecture in the Medical

Laboratory and Dental courses were not sngmficantly different.
Student Anitudes ‘

Student attitudes toward CAl prior to, during, and immediately after CAl. as gathered by the on-
line scale, was, on the average, favorable and significantly different. t(1,385) =8.61. p £.001 from
neutral as shown in Figure 12. It is noted that no significant change in attitude was obtained at the
pre, interim, or post-CAl, on-line measurement points.
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Figure 12. On-line leamer llllllldel bwnd CAl unmednhly
‘prior, during, and sublequcnt to CAL
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In contrast. statistically significant attitude items obtained from the Delta Post-lnstructional
Attitude Questionnaire administered to CAL PIT. and lecture students approximately 1 week after
instruction revealed some interesting attitudinal vomyurisuhs as 4 function of experiencing CAl and
non-< A\l treatment conditions. Significantly more (x°) =135.32. p Z.001) CAl students (50% ) than
controls (23% ) tended to disagree with the statement that listening to a lecture was generally a better
way 1o learn than reading self-paced materials. In contrast. significantly (¥ | =12.53.p £.001) more
CAL students (72% ) than controls (51% ) agreed they were motivated by the opportunity to
complete instruetion as quickly as possible. Likewise. significantly more () | =23.83.p Z.001) CAl
students (77%) than conirels (31" ) felt vthey did a lot more doing than listening during
instruction.” Though a greater percentage (57%) of the controls agreed they needed more
opportunities to practice what they were lvarning: significantly { F | =69t p Z 05) fewer (44% )
CAl students agreed more practice was needed. Additionally. significantly more (X} =6.63.p .05)
CAl students (89% ) than controls (77% ) agreed they learned best when a variety of visual examples
were provided.

In comparing student attitudes toward alternative delivery systems (CAL PIT. and lecture). the
following data were obtained: 67% of the CAl students as opposed to 11% of the controls agreed that
CAL. compared to lectures. was less boring (le =63.09. p = .001) than lectures. Comparison of
student attitudes toward CAl as opposed to PIT. indicated CAI was perceived as less boring. (61% )
than programmed text (19% ) (x*} =39.26. p €.001). To complete attitudinal comparisons-among

instructional delivery alternatives. significantly (le =13.86. p = 01) more (57% ) CAl students |

than control (30% ) agreed with the statement that “lectures were more boring than programmed

text.” However. it is noteworthy that more CAIl students (78% ) than controls (55% ) agreed that

CAl might be best used to teach basic material: whereas. “live™ instructors should be used. to lead
seminar discussion groups to increase student understanding of critical subject maiter (¥ =12.82.p
Z.002). ' ' S

Analysis of post-instructional student attitudes within the CAl group solely. revealed a greater
percentage (56% ) of CAl students agréed than disagreed (32% ) that it was more interesting (o be
taught by CAl than classroom lecture (Xgl =4.88. p = .05). Considering that oniv 21% of the
students expected CAl to be more interesting than lecture prior to assignment to CAl or non-CAl

conditions. significant positive attitude change toward CAl as a2 funciion of CAl experience was

demonstrated (le =26.91.p <.001).

Moreover, a greater percentage of the CAl students agreed [(58% ) than disagreed (23% ) that
lessons were successfully completed faster at their own pace under CAl than under conventional
classroom conditions (x°} =10.93. p Z.02). The majority of CAljstudents (74% ) also perceived that
.computer administered achievement tests were equally fair for al] students (le =20.93.p <.01) due
1o computer objectivity. Interpretation of attitudinal results within the context of CAl/non-CAl
conditions is deferred to the Discussion section of this report. e

V. DBCUSSION

~ To answer the question of whether CAl is instructionally more effective than PIT or lecture.

independent of aptitude level. data were obtained (Appendix C) which supported the comparative
instructional effectiveness of CAl in two of three courses in which CAl and non-CAl students were
" compared to identical instructional objectives. Overall, CAl student achievement exceeded student
achievement mediated by (a) lecture by 13 percentage points and (b) PIT by 3 pércentage points. In
terms of comparative learning time independent of aptitude. CAllstudents averageld 12% to 17% less
time than lecture or PIT students. Thus. if one were interested only in overall comparative
instructional effectiveness (disregarding aptitude level in courjes and for students comparable 10
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those em‘ployed in the present study}, CAI is concluded to be more instrictionally efficient than
lecture or PIT in the Medical Laboratory and Radiology courses. Witnin the Dental course, no
significant differer:.ce between CAl and lecture achievement was found: however.a 17% CAI time
savings was obtained. To provide empirical data on the question of whether CAl, lecture. and

"programmed text differ in instructional effectiveness as a function of aptitude level, treatment by

aptitude level comparisons were made. Results revealed that CAI yielded greater achievement and
time savings than non-CAl at certain aptitude levels. Thus, the evidence affords an empirical basis
for decisions pertaining to choices among alternative instructional modes based upon differences in
instructional effectivencss and time savings.

Medical Laboratory

Within the Medical Laboratory course, CAl student achievement substantially exceede ' M edical
Laboratory lecture controls at all reading vocabulary aptitude leve.s. At the low aptitude li-vel. CAl
students excelled lecture controls by 18 percantage points. Probability of first attempt failure was
extremely low (p =.001) for CAl students, as well as for lecturc controls (p =.03).

In contras: to achievement findings. learner time to completion as a function of aptitude level
revealed time savings exceeded 33% at the high aptitude level. Time to completion differences at the
mid-aptitude level revealed an 11% CAI time savings, but no statistically significant time difference
at the low aptitude level. compared to lecture controls. As noted previously. since CAl achievement
was higher than lecture at all levels of reading aptitude, the ebtained CAI time scores probably are
much higher than required to reach a level of achievement equal to the lecture means.

Radiology

Achievement differences between CAl and PIT were shown to be related to aptitude level in the
Radiology course. Both high and low aptitude CAI students achieved higher average scores than
their high and’ low aptitude PIT counterparts. The effects of boredom may be one possible
explanation of the lower-than-expected performance of PIT students compared to CAI students at.
the high aptitude level. Indeed, post-instructional attitudinal data indicated the majority of students
perceived programmed text to be more horing than CAL It is important to emphasize that
programmed text had been the m.ajor instructional device employed in the last few weeks preceding
the CAI-PIT comparison. In addn'on fallure rite was slgmﬁcantly less (2% ) in the (.Al condition.
than in the PIT condition (14.9% ) : . . ,

Ualike M edical Laboratory course nme-lo-compleuon data. the greatest difference in time to0

‘completion between CAI and PIT occurred at the low aptitude level in the Radiology course. Low

aptitude CAI students required 17% less time than their low aptitude PIT counterparts to complete
instruction. Furthermore, CAl stu.ient comple'mn time variability was considerably less (Sd =63)
than PIT time variability (Sd =101). Such data suggest greater group variability in time to complete
instruction is due in part to the problems of control of student time under conditions of self-paced
programmed instruction. On the other hand, CAl apparently tends to keep smdvnts task-oriented
through the structure and stimulation of interactive requirements.

. To sum up the case of self-paced PIT vs. CAL. CAl is concluded to produce greater instructional
effectiveness in 17%_ to 18% lcss time than PIT for low and high aptitude students. Furthermore.
CAl was shown to produce time savings with" ()0% less time variability than PIT. Thus. the
interactive control of CAI may be responmble for sustaining learner attention which leads 1o more

rapid progress than PIT.
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Dental

Though no statistically significant overall achievement score differences were obtained in the
Dental course. aptitude stratification revealed a tendency for CAl students at the low aptitude level
to-achieve more (7% ) than their low aptitude lecture controls. Unfortunately. in addition to less
than desirable Dental course criterion reliability (r - =.58). the sample size at the low aptitude
lecture level was small (N =7) in contrast to the low meude CAI student (N =30) sample.

Addi(ional imerprelalions of thie non-significant CA Iecture instruclional effectiveness difference
findings in the Dental evarse may reasenably be atiributed to the relative task difficulty level of the
subject matter and to the learner characteristics differences in the Denval course relative to the more
difficult Radiology and Medical Laboratory courses. Essentially. CAl as a compensatory tool may be
more lllstl‘U(‘llO“d“\ effective in difficult subject matter courses which require task-related aptitudes
and ‘motivation levels sufficient for processing/anaivzing abstract information or learning u)mplv
procedures. Less difficuit courses and/or insensitive criterion tests of lower reliability used 10
measure achievement differences are therefore less likely to demonstrate CAl achievement effects.
*a short. level ‘of task difficulty confronting the icarner. criterion reliabilitv. and the learner’s
cnaracteristics are factors of considerable importance when choosing among lnstrm-nonal delivery
alternatives.

Time sanngs differences between CAl and lecture in the Dental course were found to be 29" at
the high aptitude level and 15% at the mid-aptitude CAl levels, Thus. in the case of CAl vs. lecture
in the most difficult (Medical L aboratory) and least difficult (Dental) courses. the following
conclusions appear war.anted: (a) 10 obtain significant time savings (29% to ?3% ). assign CAl 10
high aptitude students. (b) to increase achievement and reduce failures. assign CAl to low aptitude
students. and (¢) if CAl resources permit. assign CAl rather than lecture to high aptitude students in
difficult courses comparable to the Medical Laboratory course to obtain increased time savings and

instructional effectiveness,

Decision Strategies .

the cost of an inercase in the probability of more failures and more marginatly ~f

Decision strategies for o ptimizing the effectiveness of instructional alternatives require analysis of
(a) " course-specific properties. (b} task-related learner characteristies. (¢) student flow: (d)

instructional alternative cost comparisons. and {¢) trade-offs regarding levels of instructional

vfl'm'li\'('lwss and time-to-complete instruction. [ the training system is confronted with aninercase

1. personnel with low reading vocabulary up-'iludc- first attempt failures may increase in
umu-nlmn.lll\ taught’ cour s, attended by an irerease in time-tocomplete instiruction. If CAL is
differentially assigned to lover dpllllldl' students to increase achievement and minimize failure. the

costis little or no time savings. Conversely,if the goal is to maximize time savings. based upon data

reported herein. CAl might prohldbl\ be assigned to high reading aptitude students, who are
expected to um\plc'u- instruction in 33% less time, However. opting for time savings is conducted at
‘e achievement
at the lower aptitude level in the lecture mode. H CAl were assigned to all stue s, regardless of
aptitude level. average student achievement is inereased. but averzge time saving is reduced to -
approximately 13% .

Leumer Chameteris ties

Foremost among the learner characteristios predictive of achievement and time-to- omplete
instruction successfully were the aptitude measures (Delta Reading Vocabulary. Concealed Figures.
and Memory M casures). Despite differences among the courses on such factors as difficalty level
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type of learning, and mode of instruction, reading vocabulary emerged as the single best predictor of
buth achievement and 1omplenon rate. Such informatior: further underscores the importance of
reading vocabulary. as one factor contribrting to successful performance. Whereas aptitude measures
were shown to be related significantly to subsequent learner performance in all three courses.
biographical measures added significaritly to prediction. Measures of achievement aspiration. self-
concept, field lndependence-dependence and learner strategy preferences for processing
information varied in magnitude among courses, and therefore. in the order of contribution to

achievement or completicn time predictions. It is important te recall these biographical self-report.
pre<course measures maintained significant relationships te performance upon cross-validation.

Depending on the course. one biograpnical measure of mativaiion (achievemeit aspiration) yielded
significant performance relationships (r =.29 to .39) and resulted in main effect achievem .
differences ranging from 4 to 14 percent within the three courses. Hence, requiring students 1o set
pérsonal achievement goals yielded systemaiic and beneficial effects npon subsequent performance.

Similarly. field independent learners were found (a) to exceed the achievement of field dependent

learners in the more difficult Medicai Laboratory courss by 6 percentage peints and (b) to require

'25% less time to complete instruction than their more field dependent peers. Thus. in accordance

with theory and previous research. field independence has been shown to be related to performance

in complex tasks, Perhaps equally as important, field independent learners are more likely to
‘complete sclf-paced instruction faster (25% less time) than their more field dependent peers.

Ancther learner characteristic, self-concept, was also found significantly related to completion
time. High self concept learners completed instructior. in less time {23% to 32% ) than learners with
a low self-concept. Thus, self-perception in addition to other learner characteristics discussed herein
would appear to be important variables in deciding whether an individual should be assigned to a
self-paced program. Furthermore, self-concept may be used to identiiy learners for instructional

strategies designed to systematically produce success, and thereby, an increase in a learner’s self-

worth. Nothing is llkely to increase a person’s low self-concept or suhsequent effort more than the
reward of success.

‘Learner strategy preferences from the Delta Biographical gathered prior to the course(s) were also.

~ found to be significantly related to subsequent performance Preferences for active learning (e.g..

paraphrasing as opposed o rote memorization or passive listening) resulted in greater perforinance
for active learning strategies. Additionally, preference for interactive learning (e.g., discussion or

‘peer instruction in contrast to more passive instruction, suck i» audiovisual or lecture) was found to .

be related to subsequent performance differences. For example, learners in the M edical Laboratory
course who preferred active/interactive modes of learning tended to score 6 to 8 percentage points
more than learners who preferred the potentlally more passive lecture'and audiovisual instructioual
modes, Similar findings which have been reported (Dausereau et al., 1975, 1978; Deignan, 1974)
support and confirm the contribution of various l~arner strategies to subsequent performance. More
importantly, the development of learner strategy skills in learners who use less effective methods of
learning (Dansereau et al., 1978) would seem-to be.a prolmsmg cost-effective means of increzsing
proﬁclency if not also efficiency.

thancten'sﬁcs of High Achievement-Fast CAl _léat'neﬁ

.Characteristics of high achievement-fast CAI learners were obtained through. discriminz:-t
analysis of high and low achrevement scorers in the CAl condition of each course. Major variabl-s
found to correctly classify 85% (x 1o =%0.78.p = .001) of high and low CAI achievers in the
Medical Laboratory course included: {(a) reading vocabulary, (b) learner strategy preferences iur

. verbal paraphrasing as opposed to rote learning, (c) high 2s opposed to low self-concept. (d) high as

contrasted with low level of achievement aspiration, and (¢} preferences for reading as opposed to
lectures Major characteristics of CAl learners who completed instruction 25% faster ( X“10 =42.18,

. p=E 001) than their slower CAl counterparts included: (a) learners with relatively high reading
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vocabulary seores. (b) higher educational level. {¢} higher memory scores. (d) more field
independence. (¢) possessed higher achievement aspiration. and {f) were {aught by a family member,
as opposed to their teacher. to read. Within the Radislogy course. €Al was instructionally more
éffective in 21 less time ()( 1o = HH19.p = 001} for CAL learners who possessed high reading
vocabulary. high achievement aspiration. were more field independent than dependent. and
preferred verbal paraphrasing to rote memorization as a means of learning. Among thése variables.
CAl learners also reported on Delta Biographical precourse measures thev felt they had maste-ed
instruction if they could teach a peer the same subject matter: whereas the slower. lower scoring CAl
learners reported a greater reliance on lectures or audiovisual to learn.

. Learner characteristies conducive to high CAl achievement in 20% less time in the Dental course
as opposed to lower CAl achievement and slower time to completion under CAl differ only slightly
in characteristics from the “high-achieving. fasi byrners™ in the Medical Laboratory and Radlologv
courses. Variables which correctly classified 38% (x2)¢ =16.19. p Z.001) of the high and low CAl
performers included relatively high reading voeabulary. preference for teaching a peer as a means of
confirming their newly acquired knowledge. high achievement aspiration, pre-course preference for
CAl as opposed to Ierlure modes. high selfconcept. and eldest ordinal rank in oue’s immediate
family. |

To summarize the characteristics of high-fast CAl achievers in the three courses. it is concluded
tbat (a) relatively high reading vocabulary skills. (b) high achievement aspirations to effect such
skills. and {e) skills and atmudes underlying learner strategy preferences are instrumental to
performance outcomes.

Thus. in addition to differentially assigning learners to alternative instructional dehver) modes
based upon aptitude. it is suggested that monvamonal factors. e.g.. attitude. achnevemem aspiration,
and learner strategies be considered.

High-Fast vs. Low-Slow PIT Studens

Characteristics of learners for whom PIT was effective or ineffective were obtained through
discriminant analvsia of hégh_ and low achievement scores in the PIT condition. Variables found to
correctly classify 82% (x“g =27.37. p £.001) of the high and low PIT achievers in the Radiology
course included (a) level of achievement aspitation. (b} self-determination 1o succeed. (c) learncr
strategy preferences for reading good examples as opposed to preferences for audiovisual or lectures
when instruction was difficult. and (d) higher versus lower reading vocabulary scores. Regarding
time to completion. PIT Jearners who completed instruction in 23% less time than their slower PIT

“counterparts were identified correﬂly 72% (XZ_, =14.66, p Z .04) of the time by (a) level of

achievement aspirati .n. (b) higher as opposed to lower self-estimate of memory capability. (c) more
field independent than dependem md (d) preference for working alone as opposed 10 workmg with

‘others. ,

Based upon the foregoing dats, PIT is likely to result in successful performance for students who
possess high levels of motivation in addition teo preference for. and high aptitude in, reading. In
identifying learners who progress faster than their peers in self-paced PIT courses sinilar to the
Radiology course, achievement uplnuon sbove.average memory upabllmn. lndepend-nre.

preference for workm; alone and. oi course, adequate ability to read on one’s own have been found
to constitute lrarner characteristics conmbmmg to [aster, as opposed to slower, progress.

High ws, an Achievement Lecture Smudens -

Major lesener characteristics obmnet! through duummnmt enalynu which correctly classified
85% (sz =30.85, p & .001) of the high and low achievers in lecture included: (a) higher as
opposed to lower achievement aspiration, (b) higher in contrast to lower reading veesbulary. {c)
employed verhsl ‘paraphrasing as opposed (0 rote memonzation as a icarner -tutegy for acquiring
Imowledge. snd (d) were more field mdependem than dependent, . "

2
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Post Instructional Adimudes

Statistically significant data from ihe Delta Post-Instructional Attitude Juestionnaires were not
only important to determine the relative degree of acceptance or resistance toward CAl and non-CAl
(lecture or PIT), but also provided some ancillary information of instruciional interest. For
example. concentration 10 learn under the CAl condition apfeared to require no more effort than
concentration required to learn under non-CAl conditions. Indeed. the data indicated a greater
(74% ) percentage of non-CAl students reported they had to really concentrate ;o0 learn than did
counterpart CAl students {62% ). Familiarization with the instructional medium, whether CAl.
lecture, or PIT, however, was important: 63% of the CAl studentsand 61% of the non-CAl students
indicated they really enjoved their respective medium once they had become familiarized with it.
Both CAf and non-Al students also agreed (75% CAL 65% non-CAI) instructional presentations
provided enough visual examples for learning. However, mare CAl students {89% ) than non-CAl
students (77% ) agreed they learned best when a variety of visual examples was provided. In
addition. the need for mere opportunities to practice what was being acquired indicated that a .
smaller percentage of the CAl students ($4% ) as compared to non-CAl students (57% ) agreed that
more practice was needed. The interactive graphic capabilities of CAl for practice may account for
the magnitude of this difference. Similarly. more CAl students (77% ) than non-CAl students (31% )
agreed they did a lot more doing than passive listening during instruction.

Considering the impact of learner boredom upon attitudes toward alternative instructional media.
67% of the CAl students in contrast to 11% of the controls. disagreed with the statement that CAI
“was boring compared to lectures.” Only 13% of the CAl students agreed CAL compared to lectures,
was boring. Student perception of boredom under CAl versus PIT conditions revealed that 61% of -
the CAl students and 19% of the controls agreed CAl compared to PIT was not boring. A small
percentage (10% ) of the CAl students regarded CAl more boring then PIT. To complete the
comparative analyses among CAL ‘PIT. and lecture. 57% of the CAI students in contrast to only

- 30% of the controls regarded lectures more boring than PIT. However. 38% of the controls viewed

PIT as more boring than lectures. In summary, CAl in comparison to lectures and PIT was less likely
to be reacted to with feelings of boredom. The interactive, self-paced nature of CAl might reasonably
explain why CAl was more resistant to feelings of boredom than PIT or lecture.

Itis important to note that more CAl students (72% ) than non4:Al controls (51% ) agreed they
were self-motivated by the opportunity to complete instruction as quickly as pussible. [a addition,
more than twice as many CAl students agreed (58% ) than disagreed (23% ) that they perceived
themselves 1o successfully finish lessons faster at their own pace with CAl than in the classroom.
Achievement data indicated that the opportunity to complete instruction quickly did net adversely
impact achievement compared to counterpart’ controls. To the contrary. CAl achievement was
markedly superior to controls in two of the three courses. Hence, the opprriunity (¢ progress at the

student’s own pace uader CAl conditions might be argued to facilitate achievement rather than
retard it. ' :

.lcnmer Medis i’n'&nneul

Preference among instructional media subsequent to medis exposure indicated only 33% of the
CAl students in contrast 1o 50% of the controls agreed that listening to a lecture was. in general, a
better way to learn than reading self-paced (CAI) materials. In brief. twice as many CAl students
(50% ) preferred self-paced materials to lectures than did controls (25% ). '

" To the extent learning tasks involved difficult materisl, CAl students differed markedly from
coatrol students in preferences among lecture, audiovisual, PIT and CAL. The majority (72% ) of
control students preferred lectures;: whereas only 47% of the CAL students preferred lectures when

material was difficult. Within the CAl condition solely, 31% of the students preferred CAL 10%

25
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audiovisual. 12% PIT.and 47% lecture when instructional material was difficult. Similarly, 40% of
tke CAl students reported they performed better with CAl than with lecture: whereas 43% believed
lecture facilitated their performance more so than CAL Based upon these data. students who had
experienced CAl were approximately equally divided in terms of attitudinal reactions toward CAl
and lecture, Some indication of why CAl students were divided on the question of whether CAl or
lecture helped them perform better is perhaps explained in part by student responses to the following
attitude item: 78% of the CAl students agreed. whereas only 16% disagreed. CAI might be best used
" in teaching basic knowledge and instructors subsequently used as discussion group leaders to ensure
student understanding of critical subjeci matter. Given this frame of reference. the majority (78% )
of students reflected a positive attitude toward CAL. However. students indicaled‘ when material was
especially difficult or integration of critical subject matter to ensure understanding was needed. the
' security of having a “real live” discussion group instructor was needed.

Attitude Change

Considering that prio‘r to assignment to CAl or non-CAl conditions. only 21% of the learners
expected CAl to be more interesting than le ture. it is indeed noteworthy that subsequent to CAI
experience. 56% of the CAl learners reported CAl was more intevesting than lecture. Similar
attitude change was found in the case of lecture: 36% of the learners to be later assigned to CAl
expected lecture to be more.interesting than CAl: whereas. after CAl exposure.only 32% felt lecture
.was more interesting than CAL If a learner is to obtain the most from an instructional experience. an
initial positive attitude is likely to increase learner skills employment and energize perception of the
instrumentality of the situation for successful performance. Hence. it is recommended that all
students to be assigned to an unfamiliar method (e.g.. CAl) be provided with an orientation program
prior to formal instruction to assist in making the unfamiliar. familiar {Toblas. 1976). Additionally.
the simple act of setting achievement goals (achievement aspiration) was shown in the present
investigation to be related significantly to subsequent performance.

In summary. the majority of CAl students perceived CAl to be more interesting. less boring. less
lime<onsuming. and more instructionally effective than was lecture or PIT. However. when
instructional material was espesially difficult. CAl students were divided on preferences for lectures
and CAL Accordingly. the majority of CAl students agreed CAl should be employed to teach basic
knowledge and instructors should be used to lead discussion groups 1o ensure student understanding
of critical subject matier or methods. From the standpoint of student testing. however. more students
agreed (73%) than disagreed (11% ) “computer testing was impartial and therefore equally fair to all
students.” Hence, though approximately half of the CAl studé,n!p preferred human instructors to
CAlin complex subject matter arezs. most of the students preferred the objectivity of the computer
in student evaluation. In addition. prior to familiarization with CAL only 21% of the learners
preferred CAl to lecture in contrast to 56% who preferred lecture to CAL Given this initial, less than
enthusiastic attitude toward CAL, CAl students on the average performed better than their controls.
As a clamic example of attitude change as a function of subsequent experience. 56% of the CAl
learners preferred CAl to lecture, post-instructionally. ' '

s, (.'.UN(ll.l‘SIDNM AND RECOMMENDATIONS

From an overall standpoint. CAl was found 1o be more effective than lecture or PIT. CAI was
found 10 increase student achievemen. as much as 18 percentage points more than lecture controls.
and 7 pereentage points more than programmed text controle. Moreover. CAl studeni failure rates

.were considershly less than programmed - text. controls. Though hizh sptitude CAl students’
rompleted instructio s in 30% esa time than low aptitude CAl students: low aptitude CAl studenis

"o ‘
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achieved greater instructional effectiveness in 17% less time than low aptitude programmed text
controls. CAl time to completion was also 60% less variable than the self-paced programmed text
comnpletion time.

In the case of CAl vs. lecture. the following conclusions appear warranted: (a) significant time
savings (29% to 33% ) were achieved by students assigned te CAL. (b) fow aptitude CAI students
experienced greater achievement and less failure than their low aptitude lecture controls. and (c)
student attitudes toward CAI became more favorable at a result of CAl experience.

Major characteristics of learners for whom CAl was more instructiorally effective in less time
included level of reading vocabuiary. achievement aspiration, field independence. and learner
strategy employed. Thus, performance differences in achievement and time can be expected to vary
chiefly as a function of task-related learner characteristies, difficulty level. mstrucnonal medium
assigned. and course-specific properties. '

Empirical evidence has substantiated the comparative instructional and time savings efféctiveness
of CAl overall and st specific aptitude icvels. Additionally, cross-validated learner characteristics
yielded profiles found to distinguish high-fast as opposed to low-slow achievers in each course and
treatment condition. Hence, given a self-paced environment. it is possible to differentially assign
CAl to students for whom it is more effective.

For instructional situations similar to those in this study. it is recommended that CAI be used as a
primary medium of instruction. If CAl resources are limited. CAl should be assigned to high
aptitude students and to those students identified as marginal performers as measured by selected
preassessment measures. Such measures should include reading vocabulary, learner strategy
preferences, field independence-dependence, and achievement mativation.
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APPENDIX A: ACHIEVEMENT X AND SD BY APTITUDE, TREATMENT, AND COURSE
Coune Aptitude CAI Lee PIT’
Medical Laboratory Low X 8698 69.37 .
SD 1248 12.21 ;
Mid X 88.71 75.69 ' f
SD 14.55 12.02
‘High X 92.07 79.88 :
SD 11.93 14.87
Radiology Low X 83.67 16.67
, SD " 880 11.90
Mid X 84.05 : 86.50
sp 8.05 8.33
High X 88.12 , 78.50
SD - 6.92 8.02
Dental Low X 73.39 : 66.35
Sb 12.60 15.77
Mid X 76.59 79.32 ;
SD 11.82 1364 Lo
High X 84.25 - 82.71 ' ;
SD 1287 10.50
3
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APPENDIX B: TIME TO COMPLETION X AND SD BY APTITUDE, TREATMENT,
AND COURSE '

Coumne Aptitude CAl . _Lee PiT
Medical Laboratory .  Low X ' 572.50 540
o , SD 244.20 0
Mid X 489.25 540
SD 205.05 0
High X 347.69 540
SD 170.96 0
Radiology - Low X 262.33 31554
‘ SD 52.01 10675
Mid X 250.76 237.24
SD 62.13 63.08
High X, 18685 = 226.80
SD 46.54 86.89
Dental Low X 496.80 540
sh 108.00 0
Mid X 456.43 540
_ SD 72.12 0
High X 386.95 540
sD 69.77 0
30.
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APPENDIX C: MEAN PERCENTAGE ACHIEVEMENT AND MEAN TIME
IN MINUTES TO COMPLETE INSTRUCTION IN THREE COURSES

% Conrect Time © Complete
Achievement Score Ins ruction (Min)
Group _ N X SD X SD
Medicai Laboratory '
CAl 93 .88.94 13.51 469 220
Lecture 98 75.12 13.84 540, 0
Radiology ' .
CAI 97 84.72 8.14 240 65
PIT : 39 81.95 10.62 271 106
Dental’ ) .
CAl : . 101 77.03 13.58 453 - 95
Lecture 52 78.07 ‘14.01‘ 540 0

UL COVERNisENT
nmnmomu: 1980~ 71143 <4}
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